To study the association between alcohol drinking pattern and obesity. DESIGN: Cross-sectional population study with assessment of quantity and frequency of alcohol intake, waist and hip circumference, height, weight, and lifestyle factors including diet. SUBJECTS: In all, 25 325 men and 24 552 women aged 50-65 y from the Diet, Cancer and Health Study, Denmark, 1993Denmark, -1997 participated in the study. MEASUREMENTS: Drinking frequency, total alcohol intake, body mass index (BMI), and waist and hip circumference. RESULTS: Among men, total alcohol intake was positively associated with high BMI (Z30 kg/m 2 ), large waist circumference (Z102 cm) and inversely associated with small hip circumference (o100 cm). Among women, the total alcohol was associated with high BMI, large waist (Z88 cm), and small hips only for the highest intake (28 þ drinks/week). The most frequent drinkers had the lowest odds ratios (OR) for being obese. Among men, OR for having a high BMI were 1.39 (95% confidence interval: 1.36-1.64), 1.17 (1.02-1.34), 1.00 (reference), 0.87 (0.77-0.98), and 0.73 (0.65-0.82) for drinking 1-3 days/month, 1 day/ week, 2-4 days/week, 5-6 days/week, and 7 days/week, respectively. Similar estimates were found for waist circumference. Corresponding results were found for women. CONCLUSION: For a given level of total alcohol intake, obesity was inversely associated with drinking frequency, whereas the amount of alcohol intake was positively associated with obesity. These results indicate that frequent drinking of small amounts of alcohol is the optimal drinking pattern in this relation.
Introduction
The association between alcohol intake and body weight has been investigated in several studies. Alcoholic beverages are energy dense and are probably not substituting food but rather added to the total daily energy intake. 1 Also, inhibition of fat oxidation might occur as a consequence of the antilipolytic properties of metabolites from alcohol degradation. 2 These features could potentially promote fat storage and hence the risk of developing obesity. However, results from studies on alcohol intake and body weight are not conclusive. [3] [4] [5] [6] [7] [8] [9] [10] [11] Pattern of alcohol drinking has been shown to be independently associated with the risk of coronary heart disease; a frequent intake of small amounts of alcohol seems to be more beneficial than a binge-like intake of larger amounts per drinking occasion. [12] [13] [14] [15] [16] It is not clear as to which mechanisms underlie this relation, but since obesity is an important risk factor for coronary heart disease, an association between drinking pattern and obesity could be explaining part of the association between drinking pattern and coronary heart disease. Little attention has been paid to the association between drinking pattern and obesity, but two smaller studies have suggested that, for the same total intake of alcohol, daily drinkers are leaner than nondaily drinkers. 8, 17 There has been some debate as to which is the best epidemiological measure of obesity. The World Health Organization has proposed the body mass index (BMI, kg/m 2 ) and waist circumference, 18 but these measures may be too crude to use on their own. As an alternative, the waist-hip ratio has been proposed because it is a stronger predictor of morbidity and mortality, 19 probably because waist circumference is positively associated with adverse health outcomes, whereas large hips seem to have a protective influence. 20, 21 However, the ratio may not always convey sufficient information 22 and interpretations are difficult due to different biological mechanisms: waist circumference reflects intra-abdominal fat, whereas hip circumference reflects different aspects of body composition in the gluteofemoral region (muscle mass, bone and fat mass). 23 Moreover, a ratio cannot express nonlinear relationships between hip and waist, which also may complicate interpretation of this measure. 24 Instead, using separate measures of waist and hip circumference, relative to body size, has been suggested. 20, 21 The aim of the present study was to examine the association between alcohol-drinking frequency and obesity. As measure of general obesity, we studied BMI, and as measures for fat distribution, we studied waist and hip circumference adjusted for BMI.
Methods
During December 1993 to May 1997, 160 725 Danish men and women aged 50-65 y were invited by mail to participate in the population-based study 'Diet, Cancer and Health'. 25 Eligible subjects were born in Denmark and had no previous cancers at the time of inclusion. With the invitation, a detailed 192-item food frequency questionnaire including questions concerning total alcohol intake was enclosed. A visit at the study clinic was appointed by telephone with subjects who agreed to participate (27 178 men and 29 875 women (35%)). The food frequency questionnaire was scanned and interviewer checked during the clinic visit, where another questionnaire concerning lifestyle and background factors including information on frequency of alcohol intake was filled out. 25 The median time between administrations of the two questionnaires was 22 days, but for most participants the time between answering the questionnaires was probably shorter, since many chose to fill out the mail questionnaire in the waiting time during the clinic visit. A description of the development and validation of the food frequency questionnaire has been published previously. 26, 27 The protocol was approved by the Ethical Committee (KF 01-116/96).
Drinking frequency
In the background questionnaire, participants were asked to report their usual frequency of alcohol intake in seven possible response categories: never drink alcohol, less than once per month, one to three times per month, once a week, two to four times per week, five to six times per week, and daily.
Total alcohol intake
Questions on total alcohol intake were stated in the food frequency questionnaire, where participants were asked to state their average quantity (during the last year) of alcohol consumption as the intake of specific amounts of each beverage: light, normal, and fortified beer (in number of bottles); red, white, and fortified wine (in number of glasses); and spirits (in number of drinks). Based on ethanol content in the different beverage types, these categories were converted into number of standard drinks (12 g alcohol) per week and added to yield an average measure of total alcohol intake.
Body mass index
The participants' height and weight were measured in light clothes and without shoes. BMI was calculated as weight (kg) divided by squared height (m). When BMI was more than or equal to 30 kg/m 2 , subjects were considered obese in accordance with guidelines from the World Health Organization. 18 Waist and hip circumference The participants' waist circumference was measured at the narrowest point between the lower rib and iliac crest and recorded to the nearest half centimeter in the standing position, in light clothes and relaxed breathing. Hip circumference was measured over the widest part of the buttocks and was recorded to the nearest half centimeter. The waist measures were dichotomized at 88 cm (women) and 102 cm (men) in accordance with guidelines from the World Health Organization. 18 For hip circumference, there are currently no guidelines, but we chose to dichotomize at 100 cm. This cut-point was selected because all-cause mortality has previously been shown to be increased beneath and decreased above this point among both men and women in this study population. 22 
Putative confounders
Education. In the lifestyle questionnaire, education was estimated from length of basic schooling as 7 y or less, 8-10 y, or 11 y and longer.
Smoking habits. Subjects reported if they were neversmokers, ex-smokers, or current-smokers. Current-smokers reported number of daily cigarettes, cheroots, cigars, and pipes. Assuming one cigarette to be equivalent to 1 g, one cheroot or one pipe to 3 g, and one cigar to 5 g of tobacco, participants were categorized into five groups according to smoking habits (never-smokers, ex-smokers, 1-14, 15-24 and more than 24 g/day).
Physical activity. Subjects reported if they were physically active during leisure time, including doing sports, Diet. In order to adjust for the confounding effects of diet habits among participants, indicators presumed to represent a healthy and balanced diet were chosen from the food frequency questionnaire. 28 The chosen indicators were fish, total vegetable, salad, and fruit intake. For each indicator, the intake was dichotomized as high or low. The cut-points were defined as close to the 10th percentile of the sexspecific distribution as possible (fish, once a month or less; vegetables, once a week or less (women) and twice a month or less (men); salad, once a month or less; and fruit, twice a week or less (women) and twice a month or less (men)). The participants also indicated which type of fat they preferred for cooking and two groups were formed: the participants who mostly used olive oil in one group and those who mostly used other types of fat for cooking in another group. Use of fat spread on bread was used as a measure of saturated fat intake since one-third of saturated fat intake in Denmark is consumed as spread on bread. Two groups were formed: users and nonusers of fat spread on bread.
Total energy intake. Total energy intake, including energy from alcohol, was calculated from the information from the diet questionnaire by means of the software program Food Calc using population-specific standardized recipes and sexspecific portion sizes. 29 Total energy intake was modeled as linear splines with knots set at gender-specific quartiles.
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Statistical analysis. Subjects with incomplete information on the alcohol variables were excluded (N ¼ 104). Since the aim of this study was to analyze the association between drinking frequency and obesity, while taking into account drinking amount, we excluded subjects reporting the following irrelevant, impossible or very unlikely combinations of frequency and amount: (a) drinking less than one drink per week irrespective of frequency (N ¼ 6586), (b) drinking seven or more drinks per week at a frequency of less than monthly (N ¼ 65), and (c) drinking 21 or more drinks per week at a frequency of thrice monthly or less frequent (N ¼ 40). Also, subjects with incomplete information on any of the potential confounders (N ¼ 381) were excluded. In all, 49 877 persons were eligible for this study.
The associations between drinking frequency and high BMI, large waist circumference or small hip circumference were described by logistic regression analyses, defining high BMI as Z30 kg/m 2 , large waist circumference as Z102 cm (men) and Z88 cm (women), and small waist circumference as o100 cm (men and women). All analyses were stratified by sex.
When examining the independent effects of the amount of alcohol, the intake was categorized into five groups (1-6, 7-13, 14-20, 21-27, and Z28 drinks/week), and when adjusting for its confounding effect on drinking frequency, modeled as linear splines with knots at gender-specific quintiles. 30 The cut-points for the categories were made so that, for instance, the categories 1-6 includes 6.9 drinks. To reduce colinearity among the BMI, waist, and hip measurements, we computed residuals from linear regression of respective waist and hip circumference on BMI. The resulting residuals were used for adjustment and modeled as linear splines with knots set at gender-specific quintiles. 30 Also, the following covariates were included in the adjusted models: age (as a linear variable), education, smoking habits, dietary indicators, and physical activity. When analyzing the effect of drinking frequency, participants drinking 2-4 days/week were chosen as the reference category because this consisted the largest group and to avoid using either extreme of drinking frequency as reference.
Pearson's correlation coefficient was calculated to examine the magnitude of correlations. The estimated odds ratios (ORs) are presented with 95% confidence intervals (CI).
The SAS/STAT for Windows (the Genmod procedure) was used for statistical analyses. 31 Effect modifications between drinking frequency and total alcohol intake were evaluated by a nested log-likelihood test: a model including frequency and total alcohol intake was compared with a model also containing the interaction terms.
Results
Total alcohol intake was positively correlated with drinking frequency, so that the median number of drinks per week was higher among frequent drinkers than among less frequent drinkers (Tables 1 and 2 ). Among men and women, the rarest drinkers (o1 day/month) and the most frequent drinkers (7 days/week) were more often smokers and had a lower intake of fruit and vegetables compared with participants in the other drinking frequencies. Also, a larger fraction of the most rare drinkers had the lowest level of education compared with more frequent drinking individuals. BMI was correlated to waist circumference (Pearson's correlation coefficient ¼ 0.87 (men) and 0.85 (women)) and to waist circumference (Pearson's correlation coefficient ¼ 0.78 (men) and 0.84 (women)).
For men, the association between total alcohol intake and high BMI was nonsignificant up to 20 drinks/week. Among men drinking 21-27 drinks/week, the OR was 1.32 (95% CI: 1.13-1.53), and for men drinking 28 or more drinks weekly, the OR was 1.78 (95% CI: 1.54-2.07). Compared with women drinking 1-6 drinks/week, the OR was 0.88 (95% CI: 0.79-0.99) for drinking 7-13 drinks/week, 0.94 (95% CI: 0.79-1.12) for drinking 14-20 drinks/week, 0.91 (95% CI: 0.72-1.14) for drinking 21-27 drinks/week and 1.38 (95% CI: 1.08-1.76) for drinking 28 or more drinks/week (Table 3) .
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For both men and women, there was a significant inverse association between drinking frequency and high BMI, so that the more frequent drinkers had the lowest probability of being obese (Table 4) . Hence, the OR for a high BMI among daily drinking men was 0.73 (95% CI: 0.65-0.82), among men drinking on 5-6 days of the week, 0.87 (95% CI: 0.77-0.98), 2-4 days of the week, 1.00 (reference), 1 day/week, 1.17 (95% CI: 1.02-1.34), 1-3 days/month, 1.39 (95% CI: 1.17-1.64), and o1/month, 1.27 (95% CI: 0.86-1.90). For women, similar results were found (Table 4) .
For men, there seemed to be an overall positive association between the total alcohol intake and ORs for large waist circumference (Table 5 ). For women, there was no association between the total alcohol intake and ORs for large waist circumference, except among heavy drinkers (28 þ drinks/week, OR ¼ 1.69 (95% CI: 1.41-2.03)). As with BMI, drinking frequency was inversely associated with large waist circumference among both men and women (Table 6) .
Compared with drinking 1-6 drinks/week, men drinking more than 7 drinks/week had lower OR for having a small hip circumference (Table 7) . For women, the association between total alcohol intake and small hips were statistical insignificant up to 27 drinks per week. For drinking 28 or Association between drinking pattern and obesity JS Tolstrup et al more drinks per week, the odds ratio for small hips was 0.78 (95% CI: 0.66-0.92) compared with drinking 1-6 drinks/ week (Table 7) . Drinking frequency was directly associated with small hip circumference among both men and women, meaning that the more frequent drinkers had the highest probability of having small hips (Table 8) . Adjusted for age, total alcohol intake (as linear splines), education, smoking, physical activity (in leisure time and at work), and diet indicators. Adjusted for age, BMI residuals, total alcohol intake, education, smoking, physical activity (in leisure time and at work), and diet indicators. Association between drinking pattern and obesity JS Tolstrup et al
Adjusting the alcohol ORs for drinking frequency (and vice versa) implied most of the effect of adjustment; inclusion of total energy intake (data not shown) and the other potential confounders in the model had little influence on size and precision of the estimates (Tables 3-8) .
The inverse association between drinking frequency and large BMI (Figure 1a and b) was generally stable for different levels of total alcohol intake. The number of participants in categories of drinking frequency and total alcohol intake are shown in Table 9 (men) and Table 10 (women) There were no significant interactions between total alcohol intake and drinking frequency for either high BMI (P40.2 women, P40.2 men), large waist circumference (P40.2 women, P40.2 men), or small hip circumference (P40.2 women, P40.2 men).
Discussion
In this cross-sectional study, drinking frequency was independently and inversely associated with high BMI, meaning Association between drinking pattern and obesity JS Tolstrup et al that the lowest odds of being obese was observed among the most frequent drinkers. The results were consistent for men and women and for different levels of total alcohol intake. Exploring other anthropometric measures, large waist circumference and small hip circumference, we found that drinking frequency was inversely associated with large waist and directly associated with small hips. This study has some limitations. Owing to the crosssectional design, it is not possible to determine the temporality of the observed associations between alcoholdrinking frequency and obesity. It cannot be excluded that being overweight may cause a different alcohol-drinking behavior than being lean. Another limitation is that the study participants may not represent the general Danish population since only 35% of the invited persons participated. According to age-and sex-specific death rates of the general Danish population, less than half of the expected numbers of deaths had occurred at the end of 1999. 32 This is probably due to exclusion of subjects with previously diagnosed cancers and to a 'healthy participants effect'. However, considering the large study population and the broad spectrum of drinking patterns there seems no reason to assume that the observed associations between drinking frequency and obesity cannot be extrapolated to nonparticipants. We have no information on alcoholism among the study participants and can hence not exclude that individuals with addictive behavior are affecting our results. However, because of the above-stated arguments, we do not expect the fraction of alcoholics in our study cohort to be larger than in the general population. We chose to study both BMI and waist and hip circumference since these measures probably contain different information on different aspects of obesity. Hip and waist circumference have shown opposite associations with allcause mortality as well as incidence of cardiovascular disease and coronary heart disease after adjustment for BMI, which is a rationale for combining these measures. [20] [21] [22] Strengths of the present study include its size and ability to adjust for many potential confounders. We included age, total alcohol and energy intake, education, smoking, physical activity, and dietary factors as covariates in the analyses. Most of the effect of controlling the estimates for drinking frequency for these potential confounders was due to the adjustment for total alcohol intake. Adjustment for the other potential confounders had little influence on size and CIs of the estimates for drinking frequency. A possible residual confounder of our results was socioeconomic status, since earlier studies have shown a binge-like drinking pattern to be associated with negative social circumstances. 33 In the present study, adjustment was made for education, which is expected to correlate highly with social status. However, this affected estimates marginally only. More detailed information on other social factors was not accounted for. We found that some unhealthy traits (smoking and a low fruit and vegetable intake) were most common at both extremes of drinking frequency (o1 day/month and 7 days/ week). Everyday drinking may be associated with borderline addictive behavior and a strong association between smoking and drinking has been observed in many studies. 34 In the other end, for the most rare drinkers, the unhealthy lifestyle may be explained by the fact that they were also the poorest educated, which probably correlates with low social status. Also, this category may include former alcoholics who used to belong to the category of everyday drinkers. All taken together, this could indicate that our results for the extremes of drinking frequency may be more likely to be residually confounded than results for the in-between drinking frequencies and therefore should be interpreted with greater caution.
Our results agree with another cross-sectional study that demonstrated an inverse association between frequency of alcohol consumption, reported as monthly (less than weekly), weekly and daily alcohol drinking, and abdominal obesity measured as sagittal diameter. 17 This finding as well as our finding need to be confirmed in a prospective setting in order to clarify the causality of the association. Alcohol is degraded in the liver by alcoholdehydrogenase, and to some extent also by the microsomal ethanoloxidizing system. 35 The latter is induced by chronic alcohol intake and is presumably of less importance for moderate blood concentrations of alcohol. However, it has been suggested that alcoholdehydrogenase and microsomal ethanol-oxidizing system in conjunction may constitute a futile cycle system, so that the energy from alcohol mostly results in increased thermogenesis. If, in fact, such a cycle is of any physiological significance, drinking frequency may be important for the degree of microsomal ethanol-oxidizing system activation, and hence for the level of energy from alcohol that can be used as energy. If a frequent drinking pattern is more effective in inducing microsomal ethanol-oxidizing system than a nonfrequent drinking pattern, this may be the biologic mechanism behind our results. 36 Also, low doses of alcohol may stimulate energy expenditure since alcohol has an acute thermogenic effect. 37 It is possible that this effect is influenced by drinking pattern, so that an increased thermogenesis induced by a frequent low intake of alcohol is more sufficient in outbalancing the additional energy from the alcohol than for a corresponding less frequent intake of higher amounts per drinking occasion. In summary, we found significant inverse associations between alcohol-drinking frequency and obesity, so that for a given amount of total alcohol intake, the most frequent drinkers had the lowest odds ratio of being obese. The association was the same for men and women. Given the existing evidence implicating that alcohol-drinking pattern is important for the association between alcohol intake and risk of coronary heart disease, it seems likely that obesity may be explaining part of this association.
